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[57] ABSTRACT 

A duct is provided in a cabinet for radiating sound pressure 
emitted from a speaker unit. The duct comprises a first duct 
and a second duct. The first duct extends in a direction 
perpendicular to a radiating direction of the sound pressure 
radiated from a front side of the speaker unit. The second 
duct is connected to an end of the first duct An inner end of 
of the second duct is communicated with the cabinet. The 
speaker unit is disposed at a connection of the first and 
second ducts. 
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SPEAKER SYSTEM 
BACKGROUND OF THE INVENTION 

5 

The present invention relates to a speaker system having 
a bass-reflex cabinet. 

In the speaker system, the formation of the cabinet affects 
the reproduction of low frequency sound. A bass-reflex 
cabinet is provided with a port formed in a front panel of a lo 
closed box. The sound rearwardly radiated in the cabinet is 
discharged from the port for increasing the low frequency 
characteristic. 

FIG. 11 shows a conventional bass-reflex cabinet. A 
cabinet 1 comprises a speaker unit 2 secured to a front panel 15 
1A of the cabinet 1. A bass-reflex duct 3 having a port 3a is 
provided on the front panel 1A at a lower portion of the 
speaker unit. 

When the speaker unit 2 emits sound, a part of the sound 
is radiated in the rearward direction in a cavity la of the 20 
cabinet 1 and enters the duct 3. The sound is emitted from 
the port 3a and corrected into the same phase as the sound 
forwardly radiated from the speaker unit 2. Thus, the low 
sound characteristic is increased. 

25 

The cavity la of the cabinet 1 has compliance CO and the 
duct 3 has mass mO. 

A dividing network comprising a combination of a low- 
pass filter and a high-pass filter is used for deriving a 
frequency band corresponding to a particular speaker sys- 30 
tern. The dividing network is provided between an amplifier 
and the speaker system so as to divide an audio-frequency 
output of the amplifier into high, middle and low bands of 
frequencies. In order to increase the low frequency charac- 
teristic, the middle and high frequency bands are cut to 35 
extract the low frequency range which is applied to the 
bass-reflex cabinet. 

However, the dividing network affects characteristics of 
sound pressure frequency, phase and impedance. 

FIG. 12 shows a mechanical equivalent circuit of the 40 
speaker system. Mechanical impedance Zm of the speaker 
system is connected to the compliance CO of the cavity la 
and the mass mO of the duct 3 in series, respectively. The 
compliance CO and the mass mO are connected in parallel 
with each other. 4 5 

When a driving force F is produced in accordance with an 
input signal from an amplifier thorough a dividing network, 
a diaphragm of the speaker unit 2 is vibrated to emit sound 
of volume velocity UO. The volume velocity UO is divided 
into volume velocity Ul and volume velocity U2 in depen- 50 
dency on the values of the compliance CO and the mass mO, 
respectively. The volume velocities UO and the U2 are 
combined to the volume velocity Ul. 

FIG. 13 shows characteristics of sound pressures (SPL) 55 
which are obtained by converting the volume velocities UO, 
U2 and U which is a combination of UO and U2. In the 
speaker unit, the dividing network is not provided. 

FIG. 14 shows the combined sound pressure U when the 
dividing network is used. The dividing network operates to e 0 
cut the high frequency range of the sound pressure U in 
accordance with a high-cut characteristic. Furthermore, the 
sound pressure is humped as shown by a dotted line at a 
frequency fp which is slightly higher than the lowest reso- 
nance frequency fo. 65 

FIG. 15 shows the combined sound pressure U and an 
impedance characteristic Z. Hie dotted lines show the sound 



2 

pressure and impedance characteristics without the dividing 
network. 

FIG. 16 shows an equivalent circuit for explaining why 
the sound pressure is humped when the dividing network is 
used. Inductance L of low-pass filter in the dividing network 
is connected to a capacitive component Ce in series to 
compose a series resonance circuit. Since the impedance is 
reduced at the frequency fp, flow of the current is increased. 

Accordingly, in the speaker system with the dividing 
network, the sound pressure is humped at the frequency fp 
so that the sound pressure of the low frequency range is 
masked, thereby producing an oppressive sound in low 
frequency range. 

In order to eliminate the disadvantage, a correction circuit 
is provided between the dividing network and the speaker 
system to correct the hump of the sound pressure. However, 
since the correction circuit is costly, manufacturing cost of 
the speaker system is increased. 

FIG. 17 shows a bass-reflex cabinet of another conven- 
tional speaker system without using the dividing network. In 
the system, the high frequency range is cut in accordance 
with compliance in a cavity of the cabinet in front of the 
speaker unit. 

A bass-reflex cabinet 4 has a central partition 5 to divide 
the cabinet 4 into a front cavity 5a and a rear cavity 5b. The 
speaker unit 2 is secured to the partition 5 facing on the front 
cavity 5a. The front cavity 5a has compliance CI, and a duct 
6 having a mass m3 is provided on a front panel 4a of the 
cabinet 4. The rear cavity 5b has the compliance CO, and a 
duct 7 having the mass mO is provided on a rear panel 4b 
opposite to the duct 6. 

FIG, 18 shows an equivalent circuit and FIG. 19 shows^a 
sound pressure characteristic SPL and an impedance char- 
acteristic Z of the system of FIG. 17. 

FIG. 20 shows a modification of the speaker system of 
FIG. 17. The speaker unit 2 is secured to an upper portion 
of the partition 5 and a duct T is provided on the partition 
5 at a lower portion of the speaker unit 2 for communicating 
the rear cavity 5b with the front cavity 5a. The rear panel 4b 
has no duct. Other structures are the same as those of FIG. 
17 and the same parts thereof are identified with the same 
reference numerals as FIG. 17. 

FIG. 21 shows an equivalent circuit and FIG. 22 shows a 
sound pressure characteristic SPL and an impedance char- 
acteristic Z. 

In these speaker system, the compliance CO determined 
by the volume of the rear cavity 5b and the mass mO of the 
duct 7 affect the low frequency characteristic. If the values 
of compliance CO and mass mO are increased, the low 
frequency characteristic is increased. 

The compliance CI determined by the volume of the front 
cavity 5a and the mass ml of the duct 6 cause an unneces- 
sary high frequency range to attenuate. In order to increase 
the low frequency characteristic, it is necessary to increase 
the compliance CO and CI, causing the sizes (volumes) of 
the cavities 5a and 5^ to be increased. 

As shown in FIGS. 19 and 22, each of the sound pressures 
has a double humped characteristic. Thus, it is possible to 
obtain a flat top characteristic at a necessary frequency 
range. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide a speaker 
system where a low frequency characteristic is increased 
with a simple structure at. a low cost. 
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According to the present invention, there is provided a 
speaker system having a cabinet, a speaker unit and a duct 
for radiating sound pressure emitted from the speaker unit, 
comprising the duct comprising a first duct extending in a 
direction perpendicular to a radiating direction of the sound 5 
pressure radiated from a front side of the speaker unit, and 
a second duct connected to an end of the first duct at one of 
ends thereof, and the other end of the second duct being 
communicated with in a space of the cabinet, the speaker 
unit being disposed at a connection of the first and second 10 
ducts. 

The sound pressure radiated from a rear side of the 
speaker unit is propagated in the first duct and applied to the 
sound pressure from the front side of the speaker unit, and 
combined sound pressure is discharged from the first duct. 15 

The other objects and features of this invention will 
become understood from the following description with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 2Q 

FIG. la is a sectional side view showing a cabinet of a 
speaker system according to the present invention; 

FIG. lb is a front view of the cabinet of FIG. la; 

FIG. 2 is an equivalent circuit showing a mechanical 
system of the speaker system; 

FIG. 3 is a graph showing sound pressure characteristics 
of the speaker system without a dividing network; 

FIG. 4 is a graph showing sound pressure and impedance 
characteristics of the speaker system with the dividing 30 
network; 

FIG. 5 is a sectional side view showing another embodi- 
ment of the present invention; 

FIG. 6 is a sectional side view showing a modification of 
the embodiment of FIG. 5; 

FIG. 7 is a sectional side view showing another modifi- 
cation of FIG. 5; 

FIG. 8 is a sectional side view showing a further embodi- 
ment of the present invention; 40 

FIG. 9 is a sectional side view showing a modification of 
the embodiment of FIG. 8; 
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FIG. 10 is a sectional side view showing a modification of 
FIG. 9; 

FIG. 11 is a sectional side view showing a conventional 45 
speaker system; 

FIG. 12 is an equivalent circuit showing a mechanical 
system of the conventional speaker system; 

FIG. 13 is a graph showing sound pressure characteristics 50 
of the conventional speaker system without the dividing 
network; 

FIG. 14 is a graph showing sound pressure characteristic 
of the conventional speaker system with the dividing net- 
work; 55 

FIG. 15 is a graph showing sound pressure and impedance 
characteristics of the conventional speaker system with the 
dividing network; 

FIG. 16 is an equivalent circuit., showing an electric 
system of the conventional speaker system; 60 

FIG. 17 is a sectional side view showing another conven- 
tional speaker system; 

FIG. 18 is an equivalent circuit of FIG. 17; 

FIG. 19 is a graph showing sound pressure and impedance 65 
characteristics of the conventional speaker system of FIG. 
17; 



FIG. 20 is a sectional side view showing a further 

conventional speaker system; 
FIG. 21 is an equivalent circuit of FIG. 20; and 
FIG. 22 is a graph showing sound pressure and impedance 

characteristics of the conventional speaker system of FIG. 

20. 



DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring to FIG. 1 showing a bass-reflex cabinet 10 of a 
speaker system according to the present invention, a front 
panel 16 of the cabinet 10 has a length which is shorter than 
a rear panel 17. An inner base plate 11 is secured to the front 
panel 16 and opposite side plates 19, and disposed in the 
cabinet to be parallel with a bottom panel 13 at a predeter- 
mined distance therebetween. An innermost end portion 11a 
of the inner base plate 11 is disposed in the cabinet at a 
predetermined distance from the rear panel 17. Thus, a 
horizontal duct is formed in the horizontal direction between 
the inner base 11 and the bottom panel 13. 

A speaker unit 20 is secured to a peripheral wall of an 
opening 12 formed in the inner base plate 11. At the rear of 
the speaker unit 20, a cavity 10a having the compliance CO 
is formed in the cabinet 10. The horizontal duct is divided 
into a first duct 14 formed between the central axis of the 
speaker unit 20 and a port 14a of the duct, and a second duct 
15 formed between the central axis of the speaker unit 20 
and the innermost end portion Ha of the inner plate 11. The 
second duct 15 is communicated with the cavity 10a. The 
first duct 14 has a mass ml and the second duct 15 has a 
mass m2. 

When the speaker unit 20 emits sound, a part of the sound 
is radiated in the cavity 10a and enters the second duct 15 
and added to the sound from the front of the speaker unit 20. 
The confluent sound is discharged from the port 14a passing 
through the sound in the first duct 14. 

A sectional area of the first duct 14 is smaller than an area 
of a diaphragm (not shown) of the speaker unit 20. 

FIG. 2 shows a mechanical equivalent circuit of the 
speaker system. The circuit comprises a mechanical imped- 
ance Zm having L, C and R, and connected to the compli- 
ance CO of the cavity 10a and to the mass m2 of the second 
duct 15, respectively in series. The compliance CO is con- 
nected to the mass ml of the first duct 14 in series, and the 
compliance CO and the mass ml are connected in parallel 
with the mass m2. 

In operation, when the driving force F is applied, the 
volume velocity U0 is produced in accordance with the 
vibration of the diaphragm of the speaker unit 20. The 
volume velocity U0 is divided into the volume velocity Ul 
of the first duct 14 and the volume velocity U2 of the second 
duct 15 in dependency on the values of the compliance CO 
of the cavity 10a and the mass ml of the first duct 14, and 
the mass m2 of the second duct 15, respectively. The volume 
velocities U0 and U2 are combined to the volume velocity 
Ul. 

Referring to FIG. 3, the volume velocities U0, Ul and U2 
are converted into characteristics of sound pressures without 
the dividing network. Since the sound pressure U0 is pro- 
duced in the forward direction and the sound pressure U2 is 
produced in the rearward direction corresponding to the 
diaphragm of the speaker unit 20, the sound pressures U0 
and U2 have a reverse phase. Thus, the sound pressure Ul 
is obtained by combining the sound pressures U0 and U2, 
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namely by subtracting the sound pressure U2 from the sound 
pressure UO. 

The combined sound pressure U2 is humped at the 
frequency fo and reduced in a higher frequency range than 
the frequency fo. Such a sound characteristic is caused by 5 
the sound pressure U2 of the second duct 15. As shown in 
FIG. 2, the mass ml of the first duct 14 is connected to the 
compliance CO of the cavity 10a in series to form a series 
resonance circuit. Thus, the sound pressure UO is increased 
at a resonance frequency of the circuit, thereby reducing the iq 
sound pressure U2 so that the sound pressure U2 is radically 
dipped at the resonance frequency which is higher than the 
resonance frequency fo and increased in a higher frequency 
range than the former resonance frequency. Thus, the sound 
pressure U2 affects the sound pressure Ul which is reduced 15 
at the high frequency range. 

The sound pressure U2 is not reduced at the high fire- . 
quency range due to the impedance remained, in accordance 
with the mass ml, and has asymptotic characteristic to a 
predetermined value determined by a proportion to the 20 
masses ml and m2. Thus, the combined sound pressure Ul 
becomes a constant value smaller than the sound pressure 
UO. 

Referring to FIG. 4, when the dividing network is used, 
the combined sound pressure Ul is humped so as to approxi- 25 
mate a sound pressure at the frequency fo. Thus, the hump 
of the sound pressure Ul is disappeared. Consequently, the 
sound pressure Ul has a flat top characteristic. 

If the sound pressure is humped at the frequency slightly 
higher than the frequency where the sound pressure is 30 
dipped, the sound pressure is humped continuously with the 
highest sound pressure at the frequency fo. Thus, the flat top 
characteristic is further increased 

In the system, the lowest frequency for reproducing the 35 
low frequency range is lowered compared with the conven- 
tional system. The lowest frequency for reproducing the low 
frequency range is the frequency fr where the sound pressure 
UO is radically dipped. 

The frequency fr is determined in accordance with the 40 
compliance CO of the cavity lOd and the sum of the masses 
ml and m2 of the first and second ducts 14 and 15 (ml+M2) 
and represented by an equation as follows. 

fr^VaWdKmi+mDCO) {HZ) . . . W) 45 

In the conventional speaker system shown in FIG. 17 or FIG. 
20, the frequency fr is represented as 

fre&mV(V(mO CQ)) {HZ) . - ■ (B) 

50 

From the foregoing, it will be seen that if the volume of the 
cabinet of the present invention is the same, as that of the 
conventional cabinet, the compliance CO of the present 
invention is larger than that of the conventional system. 
Thus, it is possible to lower the frequency. In other word, the 55 
cabinet having a smaller volume can achieve the lowest 
frequency for reproducing the low frequency range to a 
predetermined low value. 

The relationship between sectional areas of the first and 
second ducts 14 and 15 affect the sound pressure character- 60 
istic. 

The sound pressure characteristic can be changed by 
changing the sectional area of the first duct or the second 
duct, if the size of the cabinet is limited, as described below. 
If the first duct 14 has a length LI and the second duct 15 65 
has a length L2, and both lengths are constant, the sound 
pressure characteristic is determined as follows. 
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If the sectional area of the first duct is larger than that of 
the second duct, a reproducible frequency of a low fre- 
quency range is increased as well as a middle frequency 
range, compared with a case where both the sectional areas 
are equal to each other. If the sectional area of the first duct 
is smaller than that of the second duct, the reproducible 
frequency of the low frequency range is reduced as well as 
the middle frequency range. 

In the embodiment, since the dividing network is used, the 
sound pressure is humped due to the resonance. The hump 
is corrected to flat the sound pressure characteristic. Thus, 
the problem such as masking in the low frequency range is 
solved, the characteristic of low frequency is improved. 

In the cabinet of the speaker system, a plurality of speaker 
units may be provided on the inner base plate 11. 

FIG. 5 shows another embodiment of the speaker system 
of the present invention. In the system, the second unit 15 is 
provided perpendicular to the first duct 14. In a bass-reflex 
cabinet 10', a pair of speaker units 20 are secured to an inner 
base plate 11' along the axis of the first duct 14. In such a 
system, the sound source is distributed in the first duct 14, 
thereby reducing a peak dip of the sound pressure in 
accordance with resonance of the duct caused by the length 
of the duct. 

FIG. 6 shows a modification of the system of FIG. 5 
where a pair of speaker units 20 are secured to the inner base 
plate 11', in the opposite directions. In the system, if a 
push-pull operation is used to reverse polarities of input 
signals of speaker units 20, even order harmonic distortion 
of the speaker unit is canceled so that harmonic distortion of 
the sound pressure is remarkably reduced. 

FIG. 7 shows a further embodiment of the present inven- 
tion. A horizontal duct 14' is provided in a central portion of 
a bass-reflex cabinet 18 and pair of speaker units 20 are 
secured to opposite portions of the duct 14' in the same 
direction. A tapered portion 14fc is formed on the port 14a of 
the duct 14*. A cavity 18a is formed around the duct 14'. 

Abnormal noises caused by a large output power is 
reduced in the system. By using the push-pull operation, 
distortion is reduced to obtain a high quality sound. 

Furthermore, the shape of the first duct is changeable if 
the shape is regarded as a duct. 

Referring to FIG. 8, a bass-reflex cabinet 30 has a vertical 
inner front plate 32 to which the speaker unit 20 is secured. 
A front panel 31 of the cabinet 30 has such a length that the 
lower edge of the panel 31 does not reach the bottom of the 
cabinet. Thus, a part of the speaker unit 20 is exposed from 
the front panel 31. The first duct 14 is formed in front of the 
speaker unit. 

Referring to FIG, 9, the first duct 14 has a small sectional 
area compared with that of the duct of FIG. 8. Thus, a 
speaker unit 20' having a flat diaphragm 21 is secured to the 
inner base plate 32. 

FIG. 10 shows a modification of FIG. 9 where an equal- 
izer 22 is secured to an inner portion of the front panel 31 
in the first duct 14 corresponding to an indentation of the 
speaker unit 20. Thus, a constant sectional area of the first 
duct 14 is obtained. 

In the cabinet, if the distance between the front panel 31 
and the inner plate 32 is reduced so that the sectional area of 
the first duct 14 is small, the speaker unit 20 is closed to the 
front panel. Particularly, in the above-mentioned type of the 
cabinet, if the sectional area of the duct changes in accor- 
dance with the shape of the diaphragm of the speaker unit, 
the system is not normally operated. Therefore, it is difficult 
to obtain a flat top characteristic of the sound pressure. 

In accordance with the present invention, the bass-reflex 
cabinet has first and second ducts to combine sound pres- 



01/24/2004, EAST Version: 1.4.1 



5,590,208 



7 

sures radiated in the forward and rearward directions of the 
speaker unit in the cabinet. 

The lowest resonance frequency is lowered to reduce 
unnecessary sound pressures in the middle and high fre- 
quency ranges. Thus, in the cabinet having a small size, the 5 
reproducing band can be extended to a lower frequency 
range. 

When the dividing network is provided, the sound pres- 
sure is liable to be humped due to the resonance. In the 
present invention, the flat top characteristic can be obtained 10 
by using the hump of the sound pressure. Thus, reproduced 
sound of high quality and good feeling of expansion in 
auditory sensation can be provided. 

While the presently preferred embodiments of the present 
invention has been shown and described, it is to be under- 15 
stood that these disclosures are for the purpose of illustration 
and that various changes and modifications may be made 
without departing from the scope of the invention as set forth 
in the appended claims. 

What is claimed is: 20 

1. A speaker system comprising: 

a cabinet; 

a first speaker unit provided within the cabinet; and 
a duct for radiating sound pressure emitted from the first „ 
speaker unit, 

wherein a drive signal to be applied to the speaker unit is 
passed through a network circuit means, said network 
circuit means for eliminating a high frequency compo- 
nent contained in the drive signal, 
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wherein the duct extends in a direction perpendicular to a 
radiating direction of the sound pressure radiated from 
a front side of the first speaker unit, with one end of the 
duct being communicated with a space of the cabinet, 
and another end of the duct forming an opening of the 
speaker system; 

wherein the first speaker unit is disposed with the front 
side thereof positioned at a portion of a wall of the duct; 

wherein the duct has a cross section which is perpendicu- 
lar to a sound propagating direction and has a consis- 
tent cross sectional area along an entire length thereof; 
and 

wherein sound pressure radiated from a rear side of the 
first speaker unit is propagated in the duct and applied 
to the sound pressure from the front side of the first 
speaker unit, and combined sound pressure is dis- 
charged outwardly from the duct. 

2. The speaker system according to claim 1 wherein a 
second speaker unit is provided on the wall of the duct. 

3. The speaker system according to claim 2, wherein the 
first and second speaker units are disposed in opposite 
directions. 

4. The speaker system according to claim 1 wherein the 
duct is disposed in a central portion of the cabinet. 

5. The speaker system according to claim 1 wherein the 
duct is horizontal. 

6. The speaker system according to claim 1 wherein the 
duct is vertical. 

***** 
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